INTRODUCTION
There are two practically identical X-linked recessively inherited disorders in which copper metabolism is grossly disturbed: the Menkes' kinky hair syndrome in man and mottled mutants in mice (1) . The human disease is characterized by abnormalities of the hair, bones, and arteries, and by progressive cerebral degeneration with death usually by 3 yr of age. In both diseases intestinal copper absorption is deficient, serum copper and ceruloplasmin concentrations are low, and cultured fibroblasts have markedly elevated amounts of this cation (1) (2) (3) . The connective tissue abnormalReceived for publication 6 November 1981. ities are probably due to a reduction in the activity of lysyl oxidase, a copper-dependent enzyme that initiates the cross-linking of collagen and elastin by catalyzing oxidative deamination of the e-amino groups in certain lysine and hydroxylysine residues (4) . Lysyl oxidase activity is low in dietary copper deficiency (4) and in the mottled mouse mutants, whether assayed in tissue extracts (5) or in the medium of cultured fibroblasts (3) . Assays in the medium of cultured Menkes' fibroblasts have provided conflicting data, however, as the values have been unaltered (4), slightly low (3), or markedly decreased (6).
We report here biochemical studies on two brothers who show distinct abnormalities in copper metabolism and low lysyl oxidase activity. The patients have several connective tissue abnormalities, but the clinical manifestations are distinctly different from those in the Menkes' syndrome.
METHODS
Patients. Two brothers, aged 22 yr (patient 1) and 9 yr (patient 2), of healthy parents have been followed from birth for identical clinical manifestations. The main problems have been bladder diverticulas from early childhood with ruptures from 13 yr of age in patient 1, inguinal hernias, and flat feet. The patients are of normal height and weight, their hand joints are hyperextensible, their skin is slightly lax and hyperelastic but not buisable, and their hair is coarse but not kinky. They also have skeletal abnormalities, a peculiar feature being occipital hornlike exostoses. Syncopic episodes have been present since infancy, but there are no distinct neurological abnormalities, and their EEG and the intellectual abilities are within normal limits. A detailed description of the clinical and radiographic findings and genetic data will be reported elsewhere.' ' Kaitila, I., L. Peltonen, and P. Lehtonen. Submitted for publication. Mean±SD of assays on three to four separate medium samples.
Fibroblast cultures. These were made from skin biopsies from the patients, their parents, and five apparently healthy controls of ages 1, 11, 11, 38, and 46 yr. The cells were grown in 65-cm2 plastic tissue culture dishes in 10 ml of Dulbecco's modification of Eagle's medium supplemented as described elsewhere (7). For (4, 5 ) and because it is not possible to purify the enzyme from small tissue specimens, the assays were carried out with cultured skin fibroblasts. The media of the cells from the two patients had low lysyl oxidase activities against both collagen and elastin substrates, whereas no significant abnormality was found in the cell media of the parents (Table I ). There was no significant difference in the degree of reduction in the enzyme activity from the 4-14th cell passage, and the cell media of patient 1 consistently had an even lower activity than those of patient 2, the values being 5-10 and 20-30% of the control mean, respectively. There was no abnormality in any of the four intracellular enzyme activities of collagen synthesis studied, i.e., prolyl 4-hydroxylase, lysyl hydroxylase, hydroxylysyl galactosyltransferase, or galactosylhydroxylysyl glucosyltransferase (data not shown). The low lysyl oxidase activity was accompanied by a decrease in the percentage of the newly synthesized collagen that became insoluble during incubation of the cultured fibroblasts for 24 h (Table II) .
Because lysyl oxidase deficiency has been associated with abnormalities of copper metabolism in the Menkes' syndrome (3, 6), the mottled mouse mutants (3, 5) and an X-linked form of cutis laxa (8) assays were carried out to detect any abnormality in the concentration of this cation. The copper concentration was markedly high in the cultured skin fibroblasts from both patients, but low in the serum and hair (Table III) . Serum ceruloplasmin concentration was also low, especially in patient 1 (Table III) .
DISCUSSION
Most or all of the clinical manifestations, in the two patients are probably due to deficient lysyl oxidase activity. This activity was low in the medium of the cultured skin fibroblasts, and the abnormality was accompanied by reduced conversion of the newly synthesized collagen into the insoluble form. The defects demonstrated here in cultured cells are very likely to exist in vivo because studies on a number of heritable connective tissue disorders have indicated that a deficiency in lysyl oxidase (3, 5) or some other enzyme of collagen biosynthesis (13) found in cultured cells is also present in tissue extracts. The abnormalities in copper metabolism resemble those found in the Menkes' syndrome and the mottled mouse mutants (1-3), although serum copper and ceruloplasmin concentrations are usually lower in the Menkes' syndrome. Some of the mouse mutants do not have reduced serum copper or ceruloplasmin in spite of the elevated copper concentrations in the cultured fibroblasts (3) . The deficient lysyl oxidase activity may be secondary to a deficiency in functional intracellular copper (6) , although the cellular concentrations of this cation are high. The possibility cannot be excluded, however, that the genes coding for lysyl oxidase and an intracellular copper transport protein may be closely located on the X-chromosome (3, 5) so that a single mutation will affect both these genes.
The clinical findings are distinctly different from those in the Menkes' syndrome. In particular, there is no evidence for arterial or neurological changes, and the disease is not lethal in childhood. The mottled mouse mutants, however, show a variety of clinical manifestations, some strains having mainly neurological and some vascular abnormalities (1, 5) . The clinical findings are similar to those observed in some forms of the Ehlers-Danlos syndrome (13, 14) , in particular a new X-linked subtype (15) . After completion of the present study, we learned that patients with this subtype have reduced levels of desmosine cross-links of elastin and lysyl oxidase activity in the skin, and decreased serum copper and ceruloplasmin concentrations.2 Patients having an X-linked form of cutis laxa with low lysyl oxidase activity and serum copper and ceruloplasmin concentrations also have similar clinical manifestations (8), but our patients lack the marked skin laxity. No studies on fibroblast copper concentrations are currently available for the new Xlinked subtype of the Ehlers-Danlos syndrome or Xlinked cutis laxa, and thus it is not known whether these diseases have identical biochemical abnormalities. We tentatively suggest that our patients may be classified as one subtype of the Ehlers-Danlos syndrome with abnormal copper metabolism.
All the diseases discussed above have X-linked inheritance. A similar inheritance is possible in our pa-tients. The female heterozygotes in the Menkes' syndrome do not usually have distinct abnormalities in their serum and fibroblast copper concentrations (1, 2) . Therefore the normal values found in the mother are not in disagreement with X-linked inheritance.
